We repeat our previous calculation about the effect of the spin-orbit-induced magnetic anisotropy on the Kondo temperature in the case of S = 5/2 impurity spin which is quite different from the integer spin case as the ground state is degenerated. In this case the Kondo contribution remains finite when the sample size goes to zero and the thickness dependence in the Kondo resistivity is much more weaker for Cu(Mn). The behavior of the Kondo coefficient as a function of the thickness depends on the Kondo temperature, the thickness dependence is somewhat stronger for larger T K . Comparing our results with a recent experiment in thin Cu(Mn) films, we find a good agreement.
I. INTRODUCTION
In this paper we calculate the Kondo resistivity in thin films of magnetic alloys with S = 5/2 impurity with helps of the simple model and MRG calculation of Ref. [8] . Fitting to the Kondo resistivity the ∆ρ = −B ln T function, we calculate the coefficient B in terms of the film thickness which is quite different from the S = 2 case. These results will be compared to the recent experiment by T. M. Jacobs and N. Giordano [10] presents in thin Cu(Mn) films and we compare also the case of alloys with different Kondo temperatures.
II. KONDO SIZE EFFECT IN THIN FILMS WITH IMPURITIES S=5/2
In the presence of the spin-orbit-induced surface anisotropy the Kondo Hamiltonian is
where a † kσ (a kσ ) creates (annihilates) a conduction electron with momentum k, spin σ and energy ε k measured from the Fermi level. The conduction electron band is taken with constant energy density ρ 0 for one spin direction, with a sharp and symmetric bandwidth cutoff D. σ stands for the Pauli matrices, J M M ′ 's are the effective Kondo couplings and
2 is the anisotropy Hamiltonian when the quantization axis is parallel to n.
Applying the Callan-Symantzik multiplicative renormalization group (MRG) method to the problem, the next to leading logarithmic scaling equations for the dimensionless couplings
were calculated for any impurity spin in Ref. [8] . There was a multiple step scaling performed, corresponding to the freezing out of different intermediate states due to the surface anisotropy. After exploiting the j M,M ′ = j M ′ ,M = j −M,−M ′ symmetries of the problem, the scaling equations 1 were solved numerically in terms of the scaling parameter
The results for S = 5/2, j 0 = 0.0294, and D 0 = 10
can be seen in Fig. 1 . We can see from the plot that, when K/T is large enough, at D = T every coupling can be neglected, except the j1 . This corresponds to the freezing out of the given higher S z states, but it can be seen well that the two lowest energy states are still significant even for large anisotropy.
The Kondo resistivity calculated from the running couplings at D = T by solving the Boltzmann equations (see Ref. [8] ) is
where c is the impurity concentration, ε F is the Fermi energy, f 0 is the electron distribution function in the absence of an electric field, and F is a function of the running couplings at D = T , spin factors, the strength of the anisotropy K, and the temperature, defined in
Ref. [8] . For thin films the Kondo resistivity calculated in the frame of a simple model where the two surfaces contribute to the anisotropy constant in an additive way as
isρ
where α is the proportionality factor of the spin-orbit-induced surface anisotropy, t is the thickness of the film and we have used the fact that the Kondo contribution to the resistivity is smaller by a factor of 10 −3 than the residual normal impurity contribution (see for the details Ref. [8] ).
In Fig. 2 the resistivity as a function of ln T can be seen for different t/α for S = 5/2, j 0 = 0.0294, and D 0 = 10 5 K, i.e. T K = 10 −3 K as for Cu(Mn). Thus reducing the thickness of the film for given α, the Kondo contribution to the resistivity is reduced comparing to the bulk value, but for given thickness there is a temperature below that the reduction turns into an increase. Fitting the logarithmic function −B ln T to the Kondo resistivity, the plots of the coefficient B/B bulk as a function of the thickness can be seen in Fig. 3 . Here we can better see this very different behavior from the S = 2 case (cf. Ref. [8] ). First of all, the Kondo amplitude is reduced comparing to the bulk value, but the dependence on the thickness is much weaker than for S = 2. Secondly, for small t/α's the coefficient does not go to zero as for S = 2, but has a minima at t/α ∼ 6 1 K and then changes sign, begins to increase. This corresponds to that for an S = 5/2 impurity in the presence of the anisotropy, the lowest energy states are the S z = ± 1 2 doublet which give a contribution to the resistivity even for large anisotropy (small distance from the surface) and which can also be larger than the bulk value as a consequence of the spin factors in the scaling equations. Because of the large domain of the microscopic estimation of the anisotropy constant (α ∼ 100ÅK − 10 4Å K), we cannot give a precise microscopic prediction for the place of the minima. According to the the fits on the experimental results on Au(Fe) [8, 9] and Cu(Fe) [11] , α ∼ 40 − 250ÅK from which we can obtain a rough estimation for the place of the minima as t min ∼ 240 − 1500Å.
However, the theoretical calculation is not reliable in that region where j1 is already in the strong coupling limit. Thus the minima may be a sign of the breakdown of the weak coupling calculation.
We have fitted in the T = 1.4 − 3.9K temperature regime, thus below 4K where the electron-phonon interaction can still be neglected [10] and well above the Kondo temperature where our perturbative calculation and the logarithmic function for the Kondo resistivity is valid. These results are in good agreement with the recent experiments of T. Jacobs and N.
Giordano [10] on thin films of Cu(Mn).
In 
